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PATENT F0MMEMOYALE (FBX>) €LOSUHE CUPS 
FteM of the $t*y<^Uan 

[OOOI] The present invention thai are used to close 

septal openings, fti particular, this invoniion is disecie4 to dsvii.-es methods that are 

light mi\m, 

[0002] A PPO, illustrated in Figure i, is apc^isfe#, one-way, usually flapdike 

opening in the wall between iherigk atrium lO and ieftiitrium *2.oftho heart. Bscsase 
lei atrial (LA) pressure is normally higher than right atdal I'RA) p«3ssp*fc> tt»j5^.]imu$-y; 
stays closed. Under certain eoadirio«a t however, righr atrial pressure can exceed kl. 
atrial pressure, which creates the possibility dtai blood could pass from the right atrium: to 
Sfe fe^c atrm«i and allow Wood clots to enter the systemic circulation. 11 Is <&si.ra^; Ui$l 
this circumstance be eiimijiatc4 

P(*033 3pbe foramen ovale servcis a desired piu^ose when a.'fctus. is gestatipg: in 
utcro. SinefcMood is oxygenated through the -umbilical chord, and not ducngh the: 
developing; lungs* the dfculafcoty systoie of a heart, in a&tiss allows the blood to. rlo^ : : 
through thafofarn.es ovale as a physiologic -conduit for EghUo-lefi shunting. .After .fciith, 
"vyitli the atabliste^ent of pi»lTOoa^ : 'pii^aon,.th©.imrc^ left atrial blood flow and 
pres!?«re results in functional closure of feforarcen ovale. This runcdonai closure fs 
sul«8q«csljy followed by anatomical closure of the two over-Japping layers of tissue; 
septum prtmum 14 and septum secundum M However, a PPO has best* shown to persist 
in a nasnber of adult's. 

PK14J The presence of a PFQ :|s genOfidly considered to .have no therapeutic; 

consequence in othorwlse heaitby M^fella^oslcid embolism: via a FFO iscoBwdernd 
m Ifee'dia^osisTor pstfeiils who-ifeve suffered a soxfe or transient .ischemic- aitacfc (TM). 
m the presence of a WO -and without another epse .ofi&cherilie sfcrofce. While there Is 
cotjcnisy no defitutive jprooffbr;a : <a^^fEB^:t^^^%:iiiaBy studies have continued 
a strong association between the presence of a PFO and the dsk fos paradoxical emtjoMs-m: 
or stroke, in addition, there is si^^ with PFQ who bave bad a 

cerebral vascnlar event are at incram^d risk &r future, rscuilteat cwehj^yascular events. 
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[0005] Accordingly, patieats with as toms^4 Jat^r« risk are considered foe 
l^i^ilcfiJedM-te tiskof areeammt embolic cveaf These 

patients are e©msordy treated wiih orM^&oag«lants v wMcij have the pcsfeiatisl fer 
a3«er$c side effects, such as hMtorrhaging, hematoma, aod iuteracfiofis with a varietv of 
other drags. T&e use of these drags can after: a pei^h'aiecevery and aeces$Uate 
adjustments in. a pmoiCs daily Hyip^ pattern. 

{QOG&j M txtfak. cases, such as when anticoagnkio" on is confrakdseated, surgery 

may be necessary or deshabk iedose f^fij?Cfc Hie ft^ii^^^yj^ 
sittiMng alTOdosedby attaching septus $eran*a».l» septam primum. This sum^si 
attachment .caa.bft ■accomplished with either an mtemipled or a cantifjuoas stitch mi is g 
eomiaoii way a.xtageoa shuts « nudef dneervi&tializaiion, 

{0007). thnfelia devices and a variety of other similar mechanical ielo&ui$ 

designs, developed initially for percutaneous closure of atrial septal defects (ASDa), have 
b^ii :«sed :iK:SQ^ instances to close PFGx- These devices have the poteMtd & jdlow 
patients to avoid ihe potential side effects often associated with ajidcoaguia^on iher^es 
^td^OFisks of Invasive surgery. However, imihEeUa devices and the like iM:^p 
designed for ASDs are not optimally suited for use as a PFO closure device-. 

Wmi Currently available designs of septal closure devices pmsent drawfeacfe^ 
including thai the implantation procedure ^technically complex. Additionally, i&m are 
not insignificant ctwnpiic^iOBsdue to tfift^busiiraciure^ uf the eomponetds, conduelion 
System ■disturbances, perforations of heart tissue, and residual feiaks. Many devices have 
high septal profile and may indade largo masses of foreign materia!, wMdh inay lead to 
onravorabletoody adaptation tf a device. Sines AS'D devices, are designed to oedttds a 
hole, many lack anatomic erajftaaabiHty to the FFO flap-like anatomy. That k y whoa 
inserting m ASP device to close a PFO> the naamv opening and the thin flap may form 
imp edi meat's to proper deployment, Eveaif m mdmm seal k foaaeci, thedovke may 
he deployed in the heart on an aaglej Mdcn could leave $o*n6' components oof. securely 
seated .against the &%tem. Finally, some septal eJos&re devices are complex to 
i ii mvf mm re, whi cfc may mult j» la* of mmd e«ey in prod act- perl ormsnee < 



The present iavaflttoa is <sfesig«8d to address cliese and other deficiencies 
of the prior ait septal elosajis deySee&, : 



£001^1 Hie. p®sent isve&tioa provides patent foramen ovals (PFO> ebsiiis clips. 
The clips of the present lavention iacjmfe ^^08^-am3W'^^|fy: : |S|^t *w<» 
spaced central cooitecdsf membeis, Umh ©Frae at Bast {wo spaced c^tr^ corjacctjag 
Aionsbcrs; is aiiselied to each closure jfesmber at « iocaSos on fee periphery of ifae closure 
member. Tbc dtps are designed such tiiaifc^ 

extant! through the inciincdPFO &nnsl ^4i$t^,d©surs meters compos the 
overlapping layers of septal tissue, £& septum primam and septum stxapdmn, together to 
close the PFOiBnaeJ. 

1003(13 T&fi..elips of the present invention imy be formed of various materials. Is atieast 
jsoiiic efJibcsdirfscote, the clips ace limned ©fiaefak, rsonmetailic materials, biosbsorbable 
polymer, spring steel, sha^ memory *a»terfais, biuabsorbakle shape memory poly 
Or cotabinabous thereof. 

PG12J 'Hie clips of the present lovantioa. take various form* depending, in partv : :upon ; .the 
;t3iid^ttoii^f«rt» required to close a given PFO. f has, m sonic embodiments, the 
cfasate isaembets include arcuate peaks. In other embpdirasKts* closure fflwbcrs; 

lopps. la-still' other embodiments, the clasajtf members include pA'cngs, jlo -yet 
p^iir:et»bydime£its f &e closure tnemhers melwie entering elements. 

i 0013) In at least some embodiment.^ the clips of the present inveitiiou are reposittQjiabJe 
aad/or reirievitbte, Jba some emboditasnes, at least one of the dtxwe members includes a 
tisstic'sc^fffcddv . 

Br i ef D e. scrjtttioH of fee Drawing 

$$14} Figure I is a diagrammatic sectional view of a Patent Foramen O vale 
<PFO) between the right atrium, and the left atriam; 

mm $®m 'M md 2b arc a front aevational view and a side view, 

respectively, of a PFO closure clip according 10 a first embodio'ieat of tlie present 
invention*, 

IMtty Figures 3a and 3b am side etevntiOfJ&l views Off he PPO closure clip of 

Figure 2; Figure 3b illustrates a defies disposed in a PFO; 

£90173 Flgaie 4 is a front ©k-Viitt£«iat view &$ the, PFO elosore clip of Figure 2 m 

place in a PFO as .seen 'l3^-..^;ja^l«.|«i%D|. 
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[QSH8J BgQmB Sfo m froni^v^mi views of a fcP8ieios«re cMp 
ac«ors4mg to a second embodiment of fiie pimeat inventio u as sees from th& left and right 
atria, respectively; 

100191 Flgurea 6a and 6e £^ WO clmxm clip 

according to & thirds 
aim, fBspttctfVsl)?; 

{802#| Figures ?a aed ?6^:^ti^diE!iiMvi^«ofa PF@ closure r% 
according toafoartli embodiment of the preseatMvenfion as seea trooi tha left m$ 
atria, respective!)?; 

[(H&lj Figures &* and 8b axe from d&xfctional vjcws of a WO etesme el t j> 
adding to a fifth ernbodiraent of the $&ent. IMatioa as seen (torn the leit and right 
atria, respectively; 

R)022| .Mgwte.9 is a perspective view of a PFO «lo$«re clip according 
easbodiment of the present iaveajj^o^* 

If P3| Figure 10 is a front eievatioca! view of the PPG clamxe clip of Figure^;, 

[06241 Figure 1 1 is a side efcvatkwial view of tia« PFO dosure clip ofFigWf 
d!sp>sed : :ift ; a PF0; 

$f25j Figure 12 is a per^etive vt«w of die PFO closure clip of Figure 9 
disposed m a PFO as seen ffooirhe right atrium; 

l¥®4fl Figure 13 h a from oi«vati.c«»i yi^.tjf-a PFO dostire dip acGordaigtb:| 
seventh cmiKid&icnt of the prescur invention; 

f{J027] Figure 14 is a side etevationaJ view of the PFO closure clip of Figure 13 

stndghiemxi toe insertion info a sheath; 

Figure 15 is a side devatiosai view of the PFO closure clip of Figure 1 3 re 
place iii a PFO; 

|'O02£j Figure 16 is a front elevations) view of an eighth enibodjm&uf eg a PFQ 

closure clip accctfding.to tfiepj^eatlaveatjoii; and 

fO03fi] Figure 3 7 is a iroat $tm$&m t&i view of a .ninth embodiment of a PFO 

closure dip accord mg to the preseiM:iav^riftjf>iL 
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[€03| j th a d *p devices cf (fie present mvfcntf on are. intended to clip septum priamm to 
upturn mawtiam to thereby ^aimim the fiow of Mood teweeo the right aad left stria. 
The dip deyipe*. assist itj Mtttg the tisfc ^steoM by preventing the- passage of embolic 
partsetes .from the right atmm to tbe left #rima through a PFQ, To acco«riplisfe tbi«, fee 
clip devices «pply a cenipressivo force to the isvtfiiappiag layers ei\scprai ti^'ue between 
the right kid {eft-atria, If. septum prirnum a^Kis^tora s£!£.-arjdam< Id at least some 
emtwdjQjems, the apphed compressive force %uls* the more flexible septum primum 
toward septyrti seeimdoni, thereby closing the PPO -without sigmfeandy distorting the 
septum* aspecars with ..many of the septa! closure devices of the prior art, hi this 
:'app!tC3fio*t, compressive force is intended to include force sufficient to bring septum 
pfimum and septum sec»aduift together v.© provide a closing effect. In some 
«aalbQdime«ts, die clip provides mechatdcal closure at enough paints of contact aloiig tfee 
l^ltiat. the singielargestxom^inirjg condJdt is reduced to a size deemed mMenmgjiih 
libdt-s^ds^jtadtK^.en^lxjlfc {Hirtieies fam crossing through the i?F0 : ;.to.«iiei laother 
.embpdimeni.i;, die clip provides suhstamhdly complete closure along the entire 
lejigth, Because the clip devices of the present ioventitin do not distort the defect, l|*6; 
tiverkppicig layers of septal tissues may themselves he used to close fee defect as they are- 
compressed by the clip device. Accordingly, in at least sum© embodirmswtvifce 
application of a compressive force to the septal tissues using the dip. devices of the 
present jt>veatiq«.roay uhiitiateiy indoee anatomical closure of septum primum and: 
scptom tieeondy;}! (s <?, Scptaei primum and septum seeeaduru will fdse together by 
naiurtd processes). 

f<K>32] The ebp devices of the present inveat'ioc may be formed of metal wire., 
nonmetaliic rnatcriitis, bioahscrbaHe polymers, spring steel, shape memory materials (e.g. 
nitinoD, bioresorbable shape memory polymers, or combinations of the rdregoing 
materials. m some embodiments, the clip devices are formed of a single piece of 
material, while in other embodifnimt*, the clip devices are formed of multiple pieces of 
raaterial, 

[0033.1 "In padleute embo termed of shape memory materia! 

Ut.g. nstmol), vvj-deh allows the clips: to resame and maintain their intended shape 
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Mowing 3®plQpmnimviv&. Adtigmmstimg to fejpreswt kveatloe maysiseihe 
thermal shape memory pmpextm of a shafte ute^Grj? material, the snpeMastic properties 
of a sfeage, memory Material, or some oTan&ioatftin of the two. Is s&Sfcr paciicokr 
cmttodiajsafe, the clip devices feeih ^ from sheets of materia, 

iacludifjg hbabsofbaMe ^fll**^^ mVi recogniss? 

that fee device coold be inad&M a ee^nfeiaaiioii of materials. Those of skill m tte art will 
be abl e lsf : jtie*8fy and the 

mmiizztmmg techniques that mv$& be wM to configure the material into specific clip 



104)34] In «t;kasl sonte embo<fime»fs, tjjc clip devices of the present in vention include 
first -$M 'second closure members connects? by # least two spaced central eermeeiing 
members. Each central connecting member iv attached to each cJost»« member at a point 
en: fl« petp«ry ofthe doatrc member. The central connecting tnerobsrinay j&vaoy ■ 
ssMiii of material, a wire or portion of wire, thai oonaects tk closure members, Tbp 
coimsciisg fflembers are intended to pass through d>oPFO tonnel. After (3epIo^n^pt liito 
the hem > rhe 'second closure member relocated in the left atrium and the fu st closure 
ineipibef is located in the tight atrium, such that the central connectine members cxtseisd 
Ifeottgit the PFO toaael, as described heknv for the v&faw embodiments, of ti$e prfescp 
invention. 

The first, aad second closure members may be- constituted of a materia!' or fee 
configured ro apply a compressive tee to the overlapping layers of septal tissue.-: 
Further, the movement of the at least two-spaeed cemral connecting membe^exteadmg 
through the PffO tanael staay be limited by dw edges of the PFO tunnel., (which is :»sunfly 
between 1 mm milQ iiim wide), fliereby ensuring the clip device remains hmmaWg. 
centered across the defect and caniktentiy applies compressive force to the septal tissues 
at the locations necessary to ef^<# closure of the defect, This accurate and consistent 
application Of located force pemuiathe use of a smaller clos ure de viee. 

[t|03S] m some pt&seM 'invention include only ewe 

closure member and at least one connecting member. The connecting number passes 
througfl the PFO tunnel and secures the closure member in place. 

fOtBT] Tlx-, closure member* of the dip de vices may take various forms depending,, in 
pan, upon the distribution of force desired to eileei closure of a given defect, in tlas 



application, the term defect is aprired to any anatomical configuration requiring 
treatment, in particular, the detect can be a PR) \vaich may aJJow, or allows blood to 
flow-- from the right atrium to the left atriora. The shape of each closure member 
determines the location^} at which the compressive force is applied to the overlapping 
layers of septal issue, 

[0f>3S] fy.mm f^hodkasm, I^^j^siy0fo^>waceotjt(ted atthe cesser of the 
lojigitodhial disttooc of the PPO ttmneh IE dth»:««3sbo4imeii[s s the mmpm^yitiomiss- 
ifimhuM: iong the length of the defect. & still cither embodiments, the compressive 
force is iippiiedtowMd the edges of the WO defect, Gfeoutse, the force maybe a 
combination of the ahove-4e!>crihed forces. Ja at least soim embodiments, the closure 
devices of the parent inVoattoa are low profile devices, U. - the ci&mre member contact;: 
the septal tissue both inffenor to and superior to the PFQ tyjshfct; entrance ia the lef t Mum 
or the right atrium or both, The device 'may include configurations that' a*e centered 
hotizomahy or vertically in the PfO* These and other embodiments of the clip devices of 
iMfr&tm kvettdott are described below, fa the Figures, the directional mdieauons,,^ 
dowrt^aM and upward, are meant to facilitate understanding of the t^veatian and are not : 
intended to limit the invent! oa in any manner. 

t$^I$£$&»hg to Hgures, 2~4> a first ciabodhncnt of the PFO closure clip of the present 
kveatiotl, indicated generally at 18, Is designed to extend through die inclined PR> 
tnniiel 2fl between septum secundum 16 and seprnm prhnurn 14 to engage the outer 
surlaces of septum secundum 1$ and septum priraura. 14 hi both the Mi and right atria- 
M sh« to Figure 3b, the conipressive fbree appiieri by the closure clip 3 »• fi»«ca the 
layers pf septal tissue together to close ihe fF© tunnel 20, U«3«by hidttcing tmatOHifcai 
closure of septum ptim&m and septum seuindam. 

[<O04#] The clip 18 mcludes a first closure member 22 that overlies a second .do*u*e 
member 24. The first, m d second closure m^Hberx 2& and 24 of the e% 1 H are biased 
toward oae another and, as shown in Flgoire 2, are eoimeeted at their peripheries by 
connecting strands 3^ aad 38. Hie eonhectmg sfrands; are r^ktfvedy straight and ate 
cofidigared to pass through !^JlD.:^lB(^i^jb-o^;embodi8^s t .^rc may be a slight 
mrvc to .the counseling strands. ■ The. fSisteiosora member, includes a<a arcuate peak 26 
that j olns two etongate side steoids 28 and 30, both of which are prieatod away irora the 
pesfe 26 to fohai, as yiustrated, it tnatrgie. The angle of the peali.26 is broad enough to 
show the siraads 28 and38 to^ie^^v^^uigisL^BtanKMint of the FFO but not so 
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mvchm towts&m with the fuiJ^J^Mthefie^t. Of course- t&gsipeak 26 may be 
deigned whh a large angle, £,£ , grgaterlfcai 90° and the side strands 28 and 30 may be 
rounded to cover the PFO dos&m, &&deser&gd be&w, '&0&pij0&^-0b 
cmlw$plm<& according to this mventtoa. At their; iowewjiost extrennties side strands 38 
and M are looped to ptwifa spaced bottom, loops M and 34 at a radius sufficient to direct 
the wires Mmh& PPO tunnel f©?tr)e|&3»t :dm^.f9^6.^ Loops 32 and 34 extend mid 
straight, ..spaced, dtpngate attftQg^^ which cormeet the 

first closam member 22 to the sec^ : ^^ir^bec^. As ja«vioa% indicated, the 
straight, spaced, elongate connecting strands 36 aud M m deseed i&mtmii tbma$h the 
: iaclincd PFO tunnel 2d between septum primus and sephim secnaBum. 

|fl04J] The s&sond dosnm member 24 : % snbatatxikUjy identical m cosstruction to. the first 
closure iitemhw 22 bat is oiientert in a reverse manner to the first rfosurc meirfbe r 22. 
Hie second closure • rnember includes an arcuate peak 40, aligned with bat: spaced 
opposite to the arctutt»peafc 26, that joins two outwardly angled, elongate ■sfde.strarjds 41 
and 44. At their uppermost extremities, elongate side strands 43 and 44 are looped to 
|)#vide spaced top loops 46 and 48, respectively, for the second closure m0i«l?^:34j : : 
^hich »e S.tjbsr8atiaily aligned with but spaced opposite to bottom loops 32 and 
Loops 46 and 48 extend, into straiglit, spaced, elongate, connecting strands 36 itod JSi 
pspeefively. The same coagguratloa adjustments may be made to the second ctosuie 
member *g suggested for the first dosnre njerjber. 

[0042] Figures 3a,. 3b, sad 4 show the clip 18 inplaee to close a PFO. Clip 18 p|g be 
dortgated and deployed throagh a catheter The catheter enters the tight atrium and is 
&se3ted through thePFOtinme! into the -left atrium. Closure member 24 is then ejected 
into the left atrium, where it resumes the shape shown in Figure 4. The catheter is then 
wStfidrawn through tbe PFO tunnel into the right aixibra such that spaced, elongate 
connecting strands 36 mi 3S are deployed ahd: extend through the PH3 tiinndS. Finally, 
closure number 22 isdepfoved into fee right attiuijt, wiiefe it resumes the shape shown in 
Pigure 4. When so deployed, closure members 22 and 24 apply a compressive force* 
indicated by the 2i*rowsP>toiie septal tissues, as discussed above, The ■vertical direction 
is indicated by arrows ¥, and-^:Wh®o^:idl««eofi h indicated by arrows H. 

P$643{ Once deployed,, clip iilis centered* hotibontally across the PFO because die 
inoveroetu.of spaced, elongate connecting strands 36 and 38 is ■limited by die edges of the 
PFO tunnel. Thus, ebp 18 consistently applies pressure to tihe.overfar^Hng layers of yepta! 



8^eM^ 42 and 30 a»d 44 

overlap, JU^^.pns««areran!J,afeft.;appBed! sUbe locations where peaks M and 40 am? 
loops 32, 34, 4S f tod 48 engage s^mm goimai s^t«m secundum. 

0HJ441 As illustrated, lire angle of peak 24 ie. me angle farmed by wires 28 and 30* is 
sligMy larger than 90 degrees. Of coarse, oae skilled is the art will rceogmje chat the 
'peak angle > couM be 180*, wMdi across- ch& 

tissues forming the PFO tuimei T fee "peak angles" could be drf&sent on omit&s- of the- 
septum than oft the other, e& tbs "peak aiigfes^ooiiM vary on the cksaee members in the 
left and right atria. When detemiimng the '>eak angles'* tor a [gwth clip aeebidiag- jo: the- 
iavetttion., opedesiga coasidefation would hs : -the.dHferenc« io fluickaess between septum 
secundum and septum primata. The device should have a design that compresses (or at 
least holds) septum primtira and septum secundum together. 

fOIHSJ Deeding on the ati^ontyof *e «eptuin aad the forces applied by the clippie : 
loops andpesak?! m&y contact the septum. Since me septottii& general! y stiff hut rtpt 
ktirally: rigid., the. tissue will generauyconform to the forees applied to it. "Tiiisis 
particularly ttiie for sepkim primom. Accordingly, arty illustration of the cJip its sli^*! 
schematically in the heart should bo considered as wxemplarj? and nut 3iimtftj|, 

f©046| iii at least .seme .embodiments, the doisute clip aF tiie ptesienr kventiotj-ili 
aspositfonabte, and/or retrievable,- For example, as shown in Figiue 5 ( ap attachment poirst 
2? may he included on peak 26 a of closure 8K?jfil>er223 to facilitate manipulation of the 
Mp devics during and following its- depioytasji jn the -various embodiments described 
below, refereneenuoiersls which apply to a feature of the clip are used consistently apd 
ate given & Setter identifier, For example, peak 26 Is peak 26a in the embodiment 
described with reference & Pigure 5, 26h m the enibodttnefit described witii wferetice to 
Figure 6, etc. In partioul areiubodimerits, the closure dip may be modified &\icb that peak 
2& and, correspondingly, point 27 are pobitwg duwawatxls, as shown ui Figures ^a, 6b, 
7a, 7h„ Ba, : 8h-and- described below, so ;ts & 
of the dtp device. 

[11047] Hre closure clip of the preset invention may have a variety of configurations. In. 
pne-erabtJdhMent (Figures 6a and t?b). the e% is modified to coscertwate the compressive, 
force along the center of thePFQ, As shown in Figure 6a, loops 46h aj»d 4Sh of second 
oloswre fi^{nber 24fe tee folded i&^d^ch.tb&^<#; 42h/.and 44h are stxaightened and 
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40b. Additionally,, as shows m Mgwre 6b, spaced loops 21b and 33b may be- formed 
opposite loops 32b asd54h k til© oopjrtHOstMt««aiii&s of sir&fi^s 2S& and 3$b of find 
CtoRare menttber 22b,:s«cli that peafe.3^.is-feie«d40Wnwafi^- and elongated through She 
vertical center of closure member 23b.. "Be ^ central peak #b of elosm 

member 24)3 and the elongated peak 20b 22b concentrate the 

compressive forde^.tbe ami right stria, w^eeiivety. 

Applying pressure feifiecen^of ihedefest, father tlran Its ends Js eonsidejed to 
produce a more elective closofe. Farther, as noted above, the d*»nwaid!!y-.poinii{ig pesl 
24h of closure member 22b Intite^MMuni feeiUfaies mtuupulaJSoa a«d iseovery.rtf 
tte;clip %Iiowi'n§ its deployment. 

100483 The clip I8e ..may also he modified to ensure it remains varbcaMy cmtered after 
being deployed across die PFO (Mgmes 7s ahd 7b). "Vertically ce«MrcH !> mfers tl> the: 
pordoft of the device along the length of the PFO, It may he imports tit to ensrire ihat ^ie 
•:^^--fliaJntains a position along &s Jengrh fiorjgitadinal) of the PFO. id ordei; 
accomplish this ming the structure of the device {instead of 1m 
ept^pr^sj.vR fort:a applied by the dip), the strands may be eoafjgutwi to hroit tbd : 
iongitgdlmd motion of the device, ia pictiealar* as shown, in Hgure 7a, the shape of 
sseoiid efmure meniber 24c may be modified to htm upper arid lower loops 4Se and 
■As shown in Hguxe 7b, closure member 22* may be "Inverted, and heart-shaped loop 37c 
mm be included between locps 32c. ait i 34c and connecting strands 36c- and 38c Looped 
onds 33c of lower loop 47c sod looped ends 3Sc of heart-shaped loop 3?c serve as 
vertical cantering structures that act together to constrain the vertical movement of clip. 
The fast ^ftieaii oefttefing stirr^mr^.{|: : &do«p(a -ends 3Sc dt bearish aped -loop 37c) and 
second vertical centering structures (1.*, looped; ends 33c of lower loop 47c) are opposed 
acio&s the overlapping layers of the- septsm. The movement of clip 18c is dxseby limited 
in th e left atrium to 8ic height l z of sml loops 33c and m l he right atrium to the height <£i 
of end loops 3Sc. Of course, other e^odiments 16$ the present invention may include the 
samo type ofvetiiadcea 

w4 24, Aaoth^-advaatage of tbc con%uradoB of the clip device shown in Figures 7a 
tod 7b is that there is better coverage on botft slides of the defect aiid^ as a rebate, betU-r 
closure of the defect- Additionally, ths corjflgwrMod rsoVkfes lX5U6f<6slodgome»f 
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resistance, since the device, onee deployed, has limited movement in the longitudinal 
direction. 

[0049] 'j.iatj comieetfflgm«eihm «0w»*m* limmnM ctmm&M&fcai Specifically, 
the connecting to&ens may be designed to M within the PFO tuanslsiJcfithat item is 
little (or to) horfeonfcaJ i^oven^f^^^.^^jb deployed. HomoataJ centering is 
«P« because the dynamic ooadittoas ia fee hem may tend to a»yetbe device,-. Of 
course, varir«s/e^i$gor^^ wires, m position the 

connecting tiiembers withiii.Uie-PfO mnnelare wifkhiihe. scope of ihjs invention, 

Ir a further embadimes.it, the i^v^iifeiito| clip 1M across -the defect is limited by 
small diameter centering elements which may be of t& type disclosed so US . Patent 
No, 5,709,707, hereby incorporated by reference. The centering elernsatii are attached to 
and connect closure members 22d and 24d< These centering elements- nsty be springs *ihd 
may be fonned of metal, plastic, Q^sti6,im^0^;: : »«^ape memory materials ; : <*v&-.- 
Mjihoi), The Ofeuiector* w? attached to closure members 22d and 24A such &at :feo 
inherent JendcBcy of the springs to straighten will center the clip l^;«cirp th»#^ 
following its deployment Bat example, ns shown. in'.H^ytfB? J? a and 8b, the jftiii^-if&y- 
be^&sitioftedi such that they connect point A of closure member 24d with points B and O 
dleiosUie member 22d. The centering eienLeots may he included k any of the 
emhodlttiejiK of clip 18 or my of the embodiments of the invention described herein. 
The location of the centering elements may he varied according to the application The 
CekexPig elements are presented by coils in Figures 8fc and 8b. 

[OOSlj While closure members 22 and 24 of fee various embodiments of clip 18 ha ve 
been shown and described in pairs, the present invention is not limite d to these illustrated 
combinations. In fact, a clip device im}miut$-my of the various embodiments of ciosoje 
member 22 disclosed herein i« comhiaaboa with any of the wksts ombodirae nis of 
doxy m member 24 disclosed herein may he used to close a PFO and h considered: whlhih 
the scope of the pressor in vehtton. 

{h052j Referring flow to Figures 9 and 10, another embodiment of a PFO closure clip 
according to the present invention, indicated generally at SO, is designed io provide a 
sufficient gripping force so that the clip msiatafos its position. Tfk- clip 50 includes a first 
substantially "JT-shaped sectioa 52 and in-sjeond substantially "S" -shaped section 54. 
The first closure member of clip Sii bicludes a rWc-sh&ped end $H of the section 52 
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joined to a fbrst C -shaped end 79 of the section 54 by a looped joinder strand 72 having 
^.-substantially "IT-shaped loops 74, 76, and 78. Thesecond closure member of dip 
SO includes a second C-shaped «od 56 of the section 52 jo>aed to a second C«$hapcd end 
58 of the section 54 by a looped joinder strand 60 having three substsaUally "IT -si taped 
loops 62, 64, and 66. Loops 74, 74 and 78 are oriented in urs opposed relationship [o the 
loops 62, 64, and 66. It wfU be noted in Figure 10 that the loops 62 and 66 are overlapped 
by [be loops 74 and 78, Although Figures 9 and 10 depict a clip including a looped 
joinder strand having three U-shaped loops, the looped joinder strands of the dip devices 
according to the present invention may include one or more U -shaped loops. The first 
closure member is connected to the Second closing member by connecting medbea- 
attached to the closure memters at their peripheries, in. ends 56 and 6X are connected by 
connecting strand 65 of section 52, while ends SB and 70 are connected by connecting 
strand 67 or' section 54. Connecting strands 6S and 67 are designed to extend through the 
inclined PFG runnel 29 between septninprtmum and septum secundum. 

IWS3} FiguresT 1 and 12 show the dip 50 In place fo close a ChpSO maybe 
elongated ami deployed throng a catheter. The catheter enter* the right airiuniiahdls 
inserted dirough the PFO tuitnelieto the left abium, the second closure tnetabtsr' We*. 
:$^ t $$^Mw$jtctiMl&c strand 60) is deployed into the left atrieia* where iir^mes 
fhfe ji%e ^ow« m'I%ur*9. The catheter is itea. withdrawn through the fFO tunnel into 
tbe right atriuni such that connecting stands 65 sad 67 are deployed and extend through 
tbePFG tunnel. Finally, the firm closure number (m ends 6S and 70 and joinder strand 
72) is deployed into the right atriam, where if resumes the shape &wW% .in ripi.se' 9. 
When so deployed, the first and second cjosure members apply a compressive lore* "to the 
septal tissues, as shown in Pigores 1 1 and 12- As shown in Figure 12, loops 62, 64 4 and 
66 of joinder stood 6(1 exert a compressive force against the surface <£ sepmm primum in 
the left alriuiii. Similarly, loops 74, 76, sMTS of joinder strand 72 exert a copipressive 
force against the surface of septum secundum in the right atrium. These opposing forces 
urge the Septal tissues together to dose tte detect.:, 

(«054j Ke&rrmg now to Figures 13-17, still another embodiment of the PFO closure clip 
of the present invention is provided. The. clip 89 include*, a first closure member having 
two, spaced prongs, e.g, spines, 96 a«d 98. Spines 96 and 98 are joined at their 
peripheries to angled sections 90 and 92, which are designed to extend through the PFO 
tunnel, by a first joinder 94. Angled sections 90 and 92 arc connected by second joinders 



M aad Mte the pmplmy of ihe mmn4 closom meml^ vrfiidiindijdes tw« spaced 
downwardly ext^dmg: prongs. «£id M Male the clip 80 shown in Hgore 

13 iiwiadtss two spines i n ihe fest cJoM^ngeM^s greater eumber Of spaced spines 
. nmy be. fedydetl by increasing the Im&ki&m first j oinder 94 so as to space angled 
sections ^:«tjd.^2 m& mm 82 sad $4 ftic^,i^^:>^&-i]3e.nojaQbef of spines in d ie SO 
is increased, thd mnnber of contact pohtfs betweea Ore dip device and {fee septa] ttesae is 
increased, iheithy increasing the ^jp^^f^:a^ted to aep turn prinitts> and 
sqjtam sc^uadam and,;iQ:at Sfcast mm ts^^ii^S, pwjdae&g a rsore effective closure 
of the defect, 

r^^J.1l3»<%^ .njay.be deMvei^ thitwgh a catheter/in a Stm&U elimgmfismi-, MM 
least some eMsodiiw^, the dip 80 is constructed from a shape inercrory material {*?,£. 
oMrMX ssdi.that dip M mmmos the shape shown in Figure 13 following i$ deplgyiitenf , 
■Again, materials having thermal shape memory or sujp^reiasilcify or both may he um\ . 
Thus, -as shewn la Figure J4 t clip 80 may be straightened aa d delivered Ihrbogh ^ajfegbsr 
or sheath 106 with arms 82 sua! 84 positioned adjacent the ferwsid end of the catheter 
100* The- catheter 100 is inserted into the left atnurs tJiroagfa the PR) tunnel 2^:het*s6p 
scptpt^printumat)d septum seam&mi, and fhe second ck»«m misatifccrXU,:!^::^:^ 
S4)i&ejco«©d up to joinder 86 and 8& Uic asm 82- and 84 deploy downward^ Ittb 
engagemef.ii with the surface of septum primara in the left atrrom* and the esthetic 108 is 
then drawn -back through the J>H) ta^e| ^deploying angled sections 90 taM-M which 
ssxfeiid throtEgfe the S»PG tuttneh H3i^ t ifio .first closure member ts ejected from the 
catheter 100, and spines; 9$ and 98 engage me surface of Septum s&cimthimkthe light 
atriam* as shown in Figure 15. lite arm $ 82 and 84 ami spines 96 .and WaxMti 
compressive force upon septum primum and sepwn? seettndam, ihei'eby ckssing the 



10056} The dip SO imy be modified m various ways, "^1ujsr,,aee^bgto:sta^ 
embodiments (Figures 3 6 and I7j, the clip SO is modified such that it engages a mure 
extensive area of the septal tissue strp^iindj^ t]^ fTO, thereby produchvg u more 
effective ■closure of delect For example, iasomeeaihodiments, the dip SO may he 
modified snch taat l engages septal tiss'* ajongitf is length of the def'eeu in one ssueh 
enibediment, indicated gasefalij? at 102 in Figure 16, the spines 96 imd 9S of the first 
closure member ai-e .modified to iuehids.* Mstfafty extending :bars 104 ;ahd 106 at their free 
upper ends. Wheo clip 102 is deployed, lnm 104 and 106 engage and -apply force to a 
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surface of upturn secundum along eh* length of the defect in the tight atrium, Another 
such embodiment, indicated generally at 11.0 in Figure 17, includes a single spate 112 in 
the first closure member that extends upwardly from the second joinder £4 and to inmate* 
in a lateral crossbar 114. Lateral crossbar 114, like bars 104 and 106 of clip 102, engages- 
it surface of soptum secundum aiong the ien§ih <€thedefeci m therigfit atrium 
Additionally, a curved cross strut II*' may be included in dw second closure member 
between amis 82 and 84 of clip 102 or 110. Cross strut 116' engages a surface of septum 
primurrj across the length of die defect in the Jell atrial thereby increasing the 
compressive force applied to the defect by clip 102 or 110. 

[0057] in still otbej eaaHKiimem&abe elijp^ may be modiSed to encourage Lite; 
anatomical closure of the overlapping layers of septal tissue by additional mssaias. For 
example, as shown la Figure 16. a flexible strip 108 formed of a materia* capable of 
proasMng tissue growth may be attached between inclined sections 98 and 92 of clip 
Strip 108 will unfurl when the clip is deployed and will be positioned in the PF0: iunaeh 
Ship 108 may be f omred of any flexible material capable of promoting tissue gmwi% ,-. 
kMiMngbm na.Iimitodio $dyM&f^&<T<&mbmttL materials, fK^y«p?£&iM»^i 
^Ip^iil^^ai^eriais'fe.Si (^^^^W:ik>mbhl«diQ<P^of the foregoing materials. 
^.Af^obgb stiff 108 is depkted as part of clip 102* k may bekciadbd in any of the Various 
ehil'bdttBients disclosed herein . 

[00583 .Any of the clip embodiments of the present invention may include a lissnei 
scaffold on one or both closure member^,: :^id$soe sca^d promotes encapstdatton a«d 
endoftefialkation, thereby further eneonraguig anatoioicaJ closure of septum primuis and 
septum secundum. The tissue scaffold may be formed ofaay flexible material capable of 
promoting tissue growth, including but not limited to polyester fabrics, TeOon-baaed 
raatetigs, polyurethaaes, other nmtsd materials (pg, collagen), ox cbinbinariofis of to 
foregoing materitek. 

f 0059] The compressive force- applied by the closure members of any of the varieu s 
emtwdjaieats described herein may be- adjusted in a variety of ways. Forefcainple, the 
thickness of the strand Or vfifii, may be increased oi decreased to adjust the compressive 
force, fa general (and with other design considerations similar), a thicker strand or wire 
will provide higher compressive force. Additionally, various closure member 
configurations may he chosen to increase the compressive force. Generally, bends with 
smaller angles will provide more eornpr«ssive: force. One skilled m the art will rceogniee 
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She ..various daugn laodjiic^tioHS t&sa mul& be uses! w ndjmt fee compressive force of the 
device, 

'Havrngd^csfed mfocdtnMnts of thspe^! i«vcatJoo, it skmM be spimmi thm. 
th&invmtim fe.ssjpabfe of of&ei: M(! Jfeem emb«<Umeats arid imy bit- tedfified in 
yatiotus rejects, all watotdep^^ at defined by (fee.- 

appended dakis. Accusingly, ihe fteego^ ttspt'iied 
as iliustrstive k itaiure Md not ic M^td^V^Sf iimltlne; sense. 
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What is ciamjecJ is: 

1. A device for dosing two omi^tlg &?m of, soptiim pniimm and sepmm 
secuwlom dividing a Jefufertett sad a right #t*sm is arnaimalian teat, 
comprfeijag first and seeond opposed elossrs ifteaibe^ disposed on opposite sides 
otitis septan, cadi closure cpt^^ and 

■at least two coanecl&g j^jaafeeis attuned to each of s^d closure ^^iMsjat a 
loraiioa oil tfic pedp&0 of said cksore thinners, 

wlioreSn Kajd coitoectmg members extend between the ov'^riappiag layer* of 
septum ptimim and septum secundum sitoh that said and second cimm 
Kjembtefs cooperate to provide a compressive force to the overlapping # 
septum primum and sopdtai ^eeuadum., 

■2. 'X*J^4»vI^ of claim 1 , herein s&d ikst closure membyr is siml asd i#pfc! to 
j*$#y.a con^ressivcfojcc'to the te>-ets of septum primum and septoai se«o:nd;uro; 
h -tile rigbt aixium and sard second cJosme member is stood and shaped fe> apply a 
compressive force totheJayers of scptnm priraotn an<J sepiDttj-sefuiKlum Ja ijut 
left striata, 

3. Tlij? device of elaim ^ wherein said device includes & material selected ftorn tbti 
group consisting of metals, fcr&r»Btaiiic .i^^^.fejoafeorNtok polymers, #r?ng 
sleei, shape meraary mateiMs, MosbsorbaWe stetpe, memoiy polymers, and 
t;oin.bina|foa& fncreof 

4, The- device of d;pm 3, at feast in part of nitinoL 



5, The device: of claiia lj wliefsin at feast -one- of said llm and second efcsiim 



6. The de vice of claim 5, whssFBta said ikst tmd second tfmxm members of said 
device both ia«5to^s-:arc«.a(e pester tod said areaaie peaks arc oriented such thai 
said a»«slB pesk of said Meto^y^ 

dlreetiijn aad said ^^^-p^^^^'i^M^mK. member is directed 
generally la m opposite direction.. 

?» The device of ciaim 6, wherein sai4 aide siraads are oriented from said areoaie 
peak stich that wlieo implanted, said.si«k.sti»nds contact die septum-^ apply a 
compressive fo&e agaiasi fee septitot 

8, The device of claim 6, wherein said ctosure members have a leegirydmal axis arid 
wherein said peak acd said side s&anete are contoured to exiend in die general 
direction of said longjiudjaal axis. 

Tlia device of clam) 8, wherem said first closure member further oon^risihl £ 
ps>lat adapted to' facilitate removal or repositioning of the device. 

l&liie device of claim S, whejeii) said peak and said side strands of at lea* one of 
mid fmt aad second closure mernbets extend through the vertical center of said at 
least one closure member, and said peak points downward when die device is 
deployed m vivo, 

1 L The device of claim ly*^j^ : ^jp^^ hetweeit septum '-^ymmm and :sepium-. 
JWJjj'dtttttforaa^. alo^tedl^^ixi^aiid '-wbeacm said first and second closure 
members are configured to prcvMf m0v^efit along longitudinal axis when 
said device is deployed^ 

12. The devke of ClaiHi Ilvwhereia s&id Mist closure aaombeetxraiaitis ficst vertical 
centering strpepijes and said seeoad elosnrc member coalaias second •vertical 



&m&m$ sma&^m gueh that* whm said device is dgpjdpd, said fr^^«ica! 
centering itaetaras a&Joeatedf- &fk»-ti^9i3m* sM'tmkti vertical centering 
6tru«luses are ioeated k ttoeJeft airiron* and said to &ad second vertical centering 
stnietoes are apposed Jtei^^jgv^^^^y^ of septurrt pri.rnwa.and 
septum seeaadum. 

13, I*he device of claim 12^ whet«iri said fia&aaa second vertical centering $trn$fci«& 



. MiTfte device of claim i^Micrein said dovicef archer kdixies at Jeast one centering 
element connecting said fust and second closure iJKsrobt**. 

: 15:. Tim device of claim 14, wherein said at least one centering etement includes a 
vmeritil selected from Hie group consisting of metals,, plasty elastic .nMterials,. 
.and^fcape memory materials. 

ISvllse: device of claim 15, wherein said at least one oenrcrirtg element is ednsainted 
at teast in part of nitinof. 

?7.The d evice of claim I, «^«ns«i each of said first and second closurx; members 
indMeitwo C-siiEipai ends ccmnectcd by a looped joinder strand ineitjdmg at 
least one L-shaped loop, 

? 8 . 3%e device of claim 17, wnemin said .Popped joinder strand of s aid frit, closure 
«ierafeer- Is directed getjeiaJIv m. 8 JIr#dinserion and said looped joinder strand of 
said second ekssorc member is ditected genorally in an opposite di'reciion. 

19. T'he device of cla«to 3S, therein Said iooped joinder strand inc3ocfca» iSirm ',U* 
shaped Soops. 
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20. The de*k» of claim IS, wteesa mM looped joind<sr sfraad oimd mm& closure: 
mMj&»^U^ »cm^mmv^f^m septum primuaj ia £fae kit atrium and said 
looped joinder strarid of said fiist closam msmbet applies a compressive force; to 

21 . The device of elato i„ : «^x«iQ ^:je^=_o^-.^^d- JBUast <u«U s<£t»n£i..c^ac^ 
members includes af least dtjc prong, 

22. The device of claim 2^ wherek at leas) one of said first ^rd sect>nd oiosui'g 
members Ipclartes at feast two spaced ■ pMgii. 

23.,,'llte device of claim 21, wherein said at km'om prong of said first c!o-sfe 
sidnite wither deludes a lateral bar located at a praxtotf end of $aid prong* 

24, T«e dcvi«* of claim 2^.wiip^:-^-^.|^-pfe spaced prongs of said 

el#iut member arc po^xieiiiVisd: ^>*:;a : :S?.#t- ^i?4stitfe<i peitjpfsiidicttliiri y to siM prongs. 

The device «*^jum2lv wfeexsia saii k least one proag of said J^t diosofe 
member applies a compressive force to septum sccuodinw w rite right m'mm aid 
Said at least one prong of said second c)o$«rc mender applies it compress! -tee- 
to septum primora in the left atrium when said device is deployed. 

28> The device of claim. 1 * whasia said at test two spaced central mmm&tig 

©embers arc connected by a jMsFM jBai ^ capable of pj^modBgtac grow5&. 



27, the device of cM m 26, wh^eld said nt^si-ial H selected from the gionp 
consisting of pollsters, "Mloji-feased ;-m\tms&$ t ^lpa&timt% collagen, and 
conibinaiiojis thereof. 
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28. '.lie device of claim 1, \vh*fsisj§| miotid dosafe 

29. He <fc¥!ce of claim 2B, ^smm ^^mmmm^h^ks a ©^id selected 
froai the group consisting of po?y<^t^l^^ 

collagen, and corafeias'tiotts tksrgoi" 

30, The de*tee«f daim i, furdier compmtag a eatfctsiv wherein said camefer 
cOfifciics said device in mi elongated &m. 

31 , A method of closing two oyedappbg fevers of septom prmmm mti scpwrn 
seeandum dividing % teft ztr'wA |mi & tight W&wttM*mmms$au Matty 
comprise: 

a. iosertiiiga tatter kio iheri^.r atdinn of said heart, said catijeter 
eohiaihkig a closure device inching fast and second closure in^fes ^^d iit 
:UMt two spaced cmtral conoecttng members, whcxeisi each of said cJo$u*fc : 
mothers has a periphery ami said central conneoling members:i& ^taehed 
to each of said dostax tocmbets si. a fc&eatiofl on the periphery of said etosme 
mcanbei's; 

b. ifiserdag said ealheterbeivveeEi the sj\«r]applng 1 syers of septum ptinnim 
and aeptom secubdiiot and info ihe Wt akinm ofsatd-.fteam 

c. deploying said ss«C^i^ : «i<»u«e :, n^9Jl>$?i;' into die fcft aid tim; 



ci retracing said ca&eier \mmm the overlapping layers of .septum primum 
and sepiaiji secuitdom ^dt.-iaio^if^ : ^Qi^.&ii^at: bast two spaced central 
concerting numbers extmdlug at M M^^^n septum prMurg and septum . 
secundum; 

e. fetbei Ktcacl%s^dte^^;fM«M atrium, such that said flr# 

closure monk* is deployed into &tr««u ami applies a compressive force 

to said ovefiappiag layers of septum prhuonyaud septum socundam in said right 
%ttmn\ whereby satd fim:and aeeoad closure members cooperate to close said 
overlapping layers of septum Jaii%em:^ad septum secundum* 

32. The method of claim SI, wuereiu saa4 closure fbvke provided k said csfteter; 
in an elongated form. 

33:,Them&had of claim 31 > wherein sa»d device indudes s material selected li'sm tfe 
froup eonsisiing of metals, conmetallic materhds, fcidfcbsoibabfe poJydie^iprii^ ; 
steel, shapb memory i&aterials, bioabsorbiibte shape- memory polymers, mil 
eomfebattons thereof. 

34. The method of clatia 33> wherein said device is constituted at least iti pat of 
nitaioK 

35. The method of claim 31, wherein at least am of said first and. second closure 
members of said device melody air ^uafe peak joinmg two elongate side smtads 

36. The ffiefbod of ciaiiu 3Iiwh^a^i : ^t,^ad.sQoun£E closure membe-ra of said 
device both include aroaate peaks, and said areeatc peak*, ate oriented, such iMt 
said arcuate peak of said .^m:elO!mnfi! : iiiemb^j$d^c;tsd' generally m a first 
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direction a»d said areuate peals of ^d «ee«»d closwe memfe is directed 
generally ia m ©jsposite c|a#iiosa. 

37, ifte method of claim wherein s?ad side strands m* oriented frora said areuate 
peafcsesh that, when implanted, ^.«d&:^5«^:cm«'iile.septum and apply «. 
coinpfgssive force against fee septimi, 

38, The method of claim 36, vtmmt said closure jaenibw? Jam .a loiigit odinai axis 
and wherein said -peak' and sad' side Strands are coa%a»d to extend ia the geapra! 
{2 ireeiioa of $iud loagit udittal axis, 

39, .The imthod of ckiiji,38, wherein s^d first closure «»«mbcr farther comprises a 
point adapted ro facilitate mfa^YalorK^sitJoniOg of the device-,: 

40; : .Tbe asstltod of dafei 3S, wherein at said pealc and said side strands of at feast ono 
of said first find second closdfe mentbers extend throwgfi the vertical eedteroTsaid 
at leas: o:w closure member, ..-and said peak points downward. 

41- The method of claim 3 1 » whereja die passage betweea septum primam and 
sepOJia secundum form* a iungiuidiuM axis and said fmt and mzmti c\tmrc 
Bieaibers are coofigured to prevent movmjeat along said loogttadinal axk. 

42, The method, of claim. 41, wherem pid fjM closing member eocdains first vertical 
centering st35UOofes ; aad said sosaud closure member coadaiH* secoad-.^mlcai 
ccatefing structures such that said first and second vertical centering structures are 
opposed across die overlapping layers of septum prknum and septum secundum. 

4"l , The method of claiat 42, ;wi«3rei n said first arid seeded vertical C fcntentijr 
Stoetures kief nd« 1 e ops . 



44. 'Hie itsethod of claim 31 s wiisrdit said de^ee fterfet inelades atleast one 
centering 0mM eoaneeting said! JtMsrjd second dpstirp omEhers- 

45. The method of claim 31, wherein emb of said first md second dosure .members 
includes two C-shfjped cuds connected by a looped joinder strand including at 
least one JJ-shapcu loop, 

4& Tfe method o£ daJ.?n 45 f ..whea^o ^d.ld®p^4joij5ttet iixs&it of said first dosxim 
member is. directed genera] \y ia a first direction and said looped joinder sfcattd: of 
said.seooRd closare .timber & 4in^df ; p:.acEaWy is aa opposite direction. 

47, The method of claim 46, wherein said looped ■ joinder strand includes fliree 



48- Ttoffltttal.ofdfim 31, vdierdn each of saidikst and second c3asiir^:in««»|)ers 
iodades at least one prong. 

4& The w&thod of claim 48, wheroift each -of said first and second closure memhers: 
fodydss at least two spaced prx?a$& 

50. The method of claim 48, wherein said at least one prang of &edd first closure 
m&mber.fartlicx irttiydes. a lateral bar located at a proximal end of said prong, 

51. The method of cbam 49, wherein &af.d at least two spaced prongs of said second 
dosiire menjtoef are qc^ii^^}^ : ^^M' : j0isfk^ psrpeadkudarfy to said prongs. 

52. The method ©F ddm 3 iy wherein said at least two spaced ee ettral enfiaectiag 
members am connected by a strip of msle&M -capable of promoting tissue growth. 



53. .The method of claim 52, wtaete said matGrial is selected from tlm group 
ttoasfctiftg of Foiye&leB,: Mfertase&i^ m t\ 
coiaibkMions thereof 

.54. The method of ^^'Mi^e^^ii^^i^^M first and secotttf cb$«re 
members IraSier iijelu&es a fesyc seafifoid, 

S'l .The method of claim 54, Mierein said tissue scaflfoid includes a ij&tferk! . selected 
tram the -group eonsistwig atpoiyvttm, Teflon-based -materials, poJyure&aaes, 
collagen,, and coflibkattoas ibesreoj'. 

56 The nteifeod of ciidm 31, faster ^y^r^jng xdtdeving and removkg saidolosuix: 
■M?m. alter it hm baea deployed. 

57. A device for eJosiiag two overlapping layers of seplam prirnum and septum 
sccandiiEn dividing a left atrinrei and a right atriuniin a ta«xtj^iatt : heaa', 
Sompming at least one closure member disposed 00 one side of the sepdimt said 
at feast one closure member Myiag a periphery, m$ 

a eotmec&g niembor attached io said periphery of said- closure member, 

wherom said coaaectmg member extends beiwee« cbe overlapping jayeis of 
septe priitaira and septula scCuodufti soch chat said closure member cooperates 
Willi the eoonecuiig member 10 provide a compressi ve force 10 die overlapping 
layers of septam primomand septum seeandtoti, 

38, The device of claim .57, farther easgp^ng.-at-Jeasi two-ocaiaectlng members 
at whed to said periphery of said closdiK: metaber. 



59. The device of clmm 57, w&a«in said eoaaeetiog tnerflber i&clttdes M gc«erajl>: 
straight section ssdap&d to M di s^Ose<f between septum pontum sad seplafa 
secundum. 

60. The device of ekini 59, yfa&^-8M?mmsctif!% member includes it curved 
section id the end of said connecting njen#ei; not attached to said closure member. 

61. Tdc device of claim 60, wherein said closure tnamWj a»dsa|d connecting 
tneniBer an-; farmed of a single wire. 

M The device of el&bv6& wherein said do&urs member lias a conjuration 
designed to distribute Ibices along the sepram. 

■03/ A system for closteg two overlapping layeis of sepdm> pnm»« atld seplum 
secundum dividing & left m'mm and aright atrium in a mani^idjan Jbeart, 
comprising ilrst tmd second opposed closure aic&iftcni disposed on opposite: sideS 
of die septum, each closure member kvrtng a periphery, add' at least t wo 
connecting members atiaedeti to cad; of ss*id closure .arbors at a location on the 
seftpliefy of said dosarc meinbers, 

said systesnnavtogafirsfc cor£iguratk>nadapted tobu delivered ihroagha catheter, 
said first ^figuration beiog of a generally Tow profile, 

Said system having a secood eoftfigur^ttOii pnoe deiiweil into the desired defitery 
site, said second eordigumtion Motoding ssud connecting -mernfcars adapted: to 
extend between ^.m^^^M^mcf sepUatf primujn and septnm secundum 
such, that said first ^d ^eonddosatg nieniibcis cooperate to p rovide a 
compressive force to fie overlapping layers of ^^ ^ptdm pjriniutti <snd scptam 
seeaad»nttv 



which said closure &mm m M^M m ^^m^^hm in smd fkst 

ptinHiai md sepfcim .scomd&inj «t fright, atrium and -said : s&2w&. dt^*e:ins»aber 
is sized and shaped to Apply ;i eomijR;s&ivc- force to the. layers of septam primus* 
arid :septtim sjeewndaM* is the left mhsm . 

systefit of claim 63 v wiae?eia said device mcludos a material selected fern tSfe: 
group cof«&rsriag of mefcas, aonraeiaUic materials, Moi*>x>ibabie poiymera, spring 
steel, sfeps aiamory materials, bioahsorbabk shape rasniory polyme^ ^ad 
C»inbk(aiio3is thereof, 

: $??'Vte$ System, of claim 6*5 , wbprei « said .-cfeyl^c is constituted at least in pan of 
rtUinol, 

68, The sy^tera of claim 63, wnc^ein Jsissud secoM cociiguraiion, at least am of said 
first aid second closure members of said deyke inciodes.ae arcuate peak joining 
two elongate side strands. 



6<j, The system of claim .0, whsmn r m second coitflgiaati<m, : said. first, and 
seccmd closure rusaabers of said duyjee hoife include arojare pehfe, and said 
areitais peaks are orksSed swehtlM said -a^aate pestk of sairt Tmt dosxm mesn&xa; 
is directed generally in a first dhmaioa m& said arcuate peaks of said second 
dosore mexnter is direcEed Acaeralfv m an opposite direction. 
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7th 'Ebe system, of claim % wkmm, » said second eonfigamiorv said side strands 
are attested fern said a^uag pak tbai said sWc st^di^eoniact the geptttm 
and isppiy a compressive 

71 , The system of claim 69 f Ml^Ma, in Md; seeeMconffgytadoa ♦ said closure 
members haw. a tangitudidai a>ds and wherein said peak and .said side strands 
cxteM m the genes*! dkeertan of said Jo»gitt)idirtaJ axj&\ 

72, The system of ei&im ?i, wherein said first closoic jncml^r fditbar eom|^ises a 
■point adapted to facilitate reaiovai or rcpasuionlsg of tbedcvieo, 

73, The system ofcfoiiu 71, whereifiuia said second conjuration, .fetid peafe «nd said 
si<& strand* of at feast one of said first and second closuis rtiEwbers cxieftd 
through the .vertical centot of' &^d^ feast one closure number, and said pe&k, 
paints downward. 

74, Trie system of claim 0, whefeis the passage between septum ptmiattiMd s^titxfi 
secundum farais aicwgitudmal axis and, in said second -coGfigotatiou, said -first 
and second closure members m e configured to prevent movement ateag said 
longitudinal axis. 

75i The system of claim 74; wherein, ia said second configuratUra, said firs', closure 
JH&mber contains fmi vertical csmeriag structures and said: second closure 
tor&iifeer contains; second. ^^^^^iidi^^actofS, such thai when said dfe we 
i« depioyed, said ^sl -V8^c^:^a^c^:=Stx«^{^e^ .^'loca&tf in the tight atri am, 
said second vortical centering sSnictaies are located in the kfi atrium, afid said 
first arid second vertical «^j^Sjrte^ : s&^b]^s ;«tf^ : .opp$ose^' j»cfoss the overlapping, 
layers of septiroi primum and septom seeuriddni. 



%, Tbe '.system of <*3aii» 75, wbgrem, in mM second configuration, said first sxscE 
second vertical csatet'ing : s St ue?fwiaes :irt5?i*s3iB : loop^^ 

77, Tfce system of elaiai 63, U'tesio said device fertile* Inc-iade*; at least w& cmvmng 
element coaitectfcig ^id.£irst:a8& ^p^::<^^ : in#ib^!. 

78. The system of elalrao'3, wfcsresu said second configuration , .«ach dF. said fits t 
a«td second closure membm of said device iaelwdes two C-ahaped .ends' connected 
by a looped jc&def straad mcludicg at least one "O-shaped ioop, 

19. It* syst&n of claim 78, wherein, in said seeond configuration, sw& looped joisder 
strand of said first closure meaafet ixdiceeted gcneralfy in a fim direction and 
Said looped joinder strand of said second closure member is directed generally iti 
M opposite direction, 

'^em- daim-79,:w3^a;%:^:^OT(J GonSguratiuu, s^d looped jdilJCi^ 
Stcand iadudes three U-shaped loops.. 

H I . The System of claim 63, wteein, t n said second configuration, each of said first 
*tod second closure tnembtarg of said device iadudos at least one prong, 

82, Tl^ system of data 81, wtom, in said second configuration, mob. of said fixai 
and second closure members of said device iucindos at least two spaced prongs. 

S3, the system of claim ll, wlieroin, in ^d secojidconJIgyiation, said at least one 
prong of said firs* clostiiTg fflembef fdithea' includes a lateral bar. located at a 
proximal end of said peaag. : 
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84. Tlie system of cMm 82, wBsrein, k said ^oMe0cSgBritrioja s said at least two 
spa&d proflgs of said second $<wmmm)mm connected fey mm orle&fad 
petp«ndicuiar!y te said prongs, 

85. The system «f claim 63,^ier©fs s«dd at least two ; spaced central connecting 
iBaxjiber«. are connected by $ ste&®P faa^fi^ capftWc of prcrootijjg fiss«e growtli^ 

86. The system ofclamj-85, wfierein s^dmatarfalig sslbcted- fromti* group 
cuosjstbg of polyesters, l^Hoa-bas^ msitexlals, polVLiretfaHisesj, collagen, and 
combinations d>ercoi'. 

&?, The system of claiaj <53 , wberein at least one of said first and second closure 
member further includes a tissae «^£Si|(jL : 

88. The system of claim 87. vtberck said tissue seaffoid kdades a^niaterial 'selected 
fif^iij the group consi^g oi' p<jIyos»a, T<$diM»ased niaierials, polyureiliwn^ 
collagen, and comhttiations thereof. 

#. A system fw-closingtwo ovenappio-g layers of tissue*, cc; uprising first And sceoM 
opposed ■ closure members disposed m opposite sides of die septum, e^ch closure 
iaembei: having a periphery, %nd 

at least two coanectiag members Pitched to eaefa of said closure members at a 
location on t$£ periphery of si^vl^i^^B^bm, said connect k tg members 
adadhed to said closure members at ao aoDte aegie swell tiiat said closure rnsitsbors 
and said connecting members device, 

whtsrefo SEiid eerdral cortnectitjg members exteJid bers-'cen the overlapping layers 
of tissue sodb that said iiJ'st and «cocmd eiosaie menibers cyoperaa: to provide a 
•filo&urs fores to i&e overlapping layers of tMae, 



90. The system of claim wtetesaid system ^ferUier Go^risws ae^hcter imjugb 
which : m4 closure devfce is adaf isxi to fee delyetcd hi an eiosg&ted form. 

91. The -system of claim §9,; dbo^^^ey% i^des a material selected from the 
group coasisiimg of metals, itonme iSifiic materials , bwafosorbabl fc pol ymers . $prkig 
steel, shape memory material^ feioai^serbafele shape iriema*y polymery and 
coiolwnsficHiS ttereof. 

92. The systeia of claim 91 , whereas said device is eeastitmsd at least ie pre of 
mimed 

93. The system of claim .89, wherein at least one of said ilrst afcd sfcc<^d/&i«arx; 
membess of satd de-vice includes an accuse peak joiutog two elongate- side MriicIs 

94. life system of el aim 93 , wherein said first aid second chsotc member oJf said 
device both include -arcuate peaks, and said ercuafe peaks are oriented such thai : 
said arcuate peak of said GrstclGxajfC member is directed geuwally m a rim 
direction and said arcuate pej^f ol-said second closure member is directed 
generally hi go opposite dlreciiom 

ySvliie system of claim 94 , Kykvmw said sMe .smaxis are oriented front said arcuate 
peak mch that, whea implanted, said side -stands contact the septum and apply a 
compressive force agsiast the septum. 

96. The system of cJai^:f4^:*k||^i« :-«^'ic|i^^:i^j^ets liave » fongfeudhwl axis 
"a'fid wiseiein eaSdj^eatk- and said side stratids conffgoted to extend m mc general 
d 1 reed oa of is aid 1 Oijgimdma] axi:>< 



Wi I'he system oi claim 9& whsrem s&dfksi eiostae member further compdses a 
point: adapted to facjiifiiie feraoval or i^posit&Mias* of .the device. 

98. The system, of eMm9& ^;herem sakf peafc saM d4&m&nd$ of ai least oae of 
said first and second closure Vi*ti^e»»ttai of said at 

least one closure member, gaXd peak ^drtts downwasti 
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